The proton n.m.r. spectra of (SiH 3 )3 14 N, (SiH 3 ) 2 14 NCH 3 , SiH 3 14 N(CH 3 ) 2 , and the analogous 15 N-compounds under a variety of conditions are reported. The failure to observe certain long-range couplings in the spectra of SiH 3 N(CH 3 ) 2 is unlikely to be due to rapid intermolecular exchange in all cases. We have recently made extensive use of 1 H n.m.r. spectroscopy in studying the reactions of silylamines containing the SiH3-group 1 * 2 . It therefore became necessary to investigate the sensitivity of the n.m.r. parameters of the silylamines themselves, to changes in concentration and solvent. In this paper we report the chemical shifts and coupling constants of the series of silylamines (SiH3)3_n 14 N(CH3)n and (SiH3) 3 _ n 15 N (CH3) n (n = 0-2). Measurements for some of these compounds have been published before 3 ' 4 , but in the earlier of the two studies 3 the methods of measurement used were much less sensitive than those now employed, and in addition the range of solvents studied has been very restricted; moreover, the only 15 N derivative investigated 4 was (SiHs),"N.
We have recently made extensive use of 1 H n.m.r. spectroscopy in studying the reactions of silylamines containing the SiH3-group 1 * 2 . It therefore became necessary to investigate the sensitivity of the n.m.r. parameters of the silylamines themselves, to changes in concentration and solvent. In this paper we report the chemical shifts and coupling constants of the series of silylamines (SiH3)3_n 14 N(CH3)n and (SiH3) 3 _ n 15 N (CH3) n (n = 0-2). Measurements for some of these compounds have been published before 3 ' 4 , but in the earlier of the two studies 3 the methods of measurement used were much less sensitive than those now employed, and in addition the range of solvents studied has been very restricted; moreover, the only 15 N derivative investigated 4 was (SiHs),"N.
Experimental
The amines (SiH3)3 14 N 5 and (SiH3) 2 14 NCH3 6 were made from SiH3Cl and 14 NH3 or CH3 14 NH2; SiH3 14 N(CH3)2 was made 7 from SiH3Br and (CH3)2 14 NH; SiH3Br was obtained 8 by the action of HBr on SiH3C6H5 at -78°, and was converted into SiH3Cl by treatment 9 dropwise to KOH pellets) gave (SiH3)3 15 N; CH3 15 NH2 was prepared from C6H4(CO)2 15 NK (96% enriched, commercial sample) by treatment with CH3I, followed by alkaline hydrolysis 10 ; the amine was purified over KOH and by fractional distillation. Dimethylamine-15 N was prepared from 15 NH3 by allowing the gas to stand in contact with p-toluenesulphonyl chloride at 50°, gradually heating the system to 100°, and leaving the reaction-mixture at the higher temperature (36 hrs.); p-toluenesulphonamide was recrystallized from hot water and methylated with excess of CH3I in alkaline methanol (12 hrs. at 55°) ; the product when hydrolysed with 48% HBr gave (CH3) 2 15 NH2Br in 86% yield. The free amine was obtained by the action of alkali.
The compounds were purified by fractional distillation, and condensation in vacuum; their purity was checked by spectroscopic and other physical techniques.
Of the solvents, tetramethylsilane, TMS (also used as internal standard), was purified by distillation from molecular sieve (5 A) at -78°; CC14 was dried over molecular sieve and distilled from it at room temperature, and passage through at 25 foot column [3/16 Cu, 20% LAC (446) on celite] at 50° gave no sign of the presence of any impurity. Chloroform was similarly dried over molecular sieve; some samples were first shaken with activated alumina and distilled in vacuum, before treatment with molecular sieve. Cyclohexane and benzene were dried over sodium; CH3CN was dried over and distilled from P205; pyridine was dried over NaOH; Me20, by treatment three times with LiAlH4 , and THF, by treatment with molecular sieve, followed by refluxing (8 hrs.) with sodium, after which potassium and benzophenone were added and the solvent distilled from the blue solution in vacuum. All n.m.r. tubes were filled in vacuum.
Most of the n.m.r. spectra were obtained at temperatures between +30 and -70° using a Varian Associates V4300B spectrometer, with flux stabilization and sample spinning, operating at 40 Mc/sec and fitted with a standard variable temperature probe (5 mm insert). Peak positions were determined by the use of side-bands generated by a Muirhead decade oscillator; two side-bands, separated by 6 -12 c/s, were so arranged that the resonance to be measured fell about mid-way between them, and the spectrum of the three bands was scanned at least ten times in each sweepdirection. The errors quoted are standard deviations, except where it is otherwise stated; no account is taken of possible error in the oscillator. A few spectra were recorded using a Perkin-Elmer permanent magnet Spectrometer, operating at 60 Mc/sec.; these spectra were calibrated by side-bands, but it was not possible to scan in the direction of decreasing field. The very small couplings (< 0.5 c/s) detected in the spectra of MeN(SiH3)2 .were measured by the wiggle-beat method u .
Results and discussion

a. Trisilylamine
The spectrum of (SiH3)3N, assuming efficient quadrupole relaxation, would be expected to consist of a single main resonance, with satellites due to 29 Si (7=1/2) in natural abundance of 5 per cent. Protons directly bound to 29 Si in 29 SiH3N ( 28 SiH3) 2 would give two widely-separated satellites, while long range coupling from the 28 SiH3-protons to the 29 Si atom would be expected to lead to the presence of a pair of satellites close to the main resonance. The natural abundance of 29 Si is so small that only the strongest lines of the spectra of molecules containing two 29 Si atoms might be detected, and those would be expected to be very weak. In ( 28 SiH3)3N the protons are all equivalent, but in 29 SiH3N( 28 SiH3) 2 this equivalence is destroyed; thus long-range coupling might lead to the splitting of the 29 SiH3 satellites into heptets by the 6 28 SiH3-pro tons, while the close satellites would then appear as quartets. Finally, in the 15 N-labelled compound all these resonances would appear as doublets, due to coupling with 15 N (7=1/2).
In the spectrum of the 15 N-labelled compound, H-H coupling is detected in both the wide and the close satellites; in the spectrum of 14 N(SiH3)3 the H-H splittings could not be resolved, perhaps because of increased line-widths due to imperfect quadrupole relaxation 4 . It was not possible to study the change in all these parameters with solvent and concentration, since 7(HH) could not be measured with sufficient accuracy in dilute solutions, but data for r and for /( 15 NSiH) in a number of solvents are collected in Table 1 . These parameters are remarkably insensitive to the nature of the solvent. The whole range of r is only 0.11 ppm. Since r differs by 0.08 ppm from benzene to cyclohexane, whereas 7( 29 SiH) does not differ significantly in these two solvents, the difference in chemical shift seems more likely to derive from magnetic influences of the solvent than from specific interactions with silicon. There is a small increase in /( 29 SiH) with basicity of the solvent, but the total range of values is only 1.4 c/s. The error in the oscillator may well be greater than the standard errors in these measurements, so that the absolute values should not be regarded as accurate to better than ±0.1 c/s; but the standard errors quoted probably reflect accurately the significance of the differences between the measurements. c Reference 4. d Only one satellite observed; the quoted error includes 0.1 c/s for a possible isotopic shift, n.s. = not studied.
in Me3N, is also remarkably insensitive to the nature of the solvent. It may be significant that here again the solvents giving the largest values are the most basic, but the total spread is only of the order of 0.1 c/s. Either the coupling is insensitive to intermolecular interactions, or the electron-distribution in (SiH3)3N is insensitive to the nature of the solvent. It may also be concluded that the lifetime of the molecules with respect to intermolecular exchange of SiH3-groups is greater than ~ 0.01 sec. at room temperature, even in the presence of strong bases like pyridine.
b. (SiH 3 ) 2 NMe
The spectrum of this compound would be expected to consist of two main resonances, due to SiH (relative intensity 2) and CH (relative intensity 1) protons; each would have wide satellites, due to coupling with the spin 1/2 isotope ( 29 Si, 13 C) in natural abundance, while close satellites, due to long range HSiN 13 C or HCN 29 Si coupling, might be observed, those associated with the main CH resonance being, of course, the stronger (natural abundance of 13 C = 1%; of 29 Si = 5%). In this compound, the main resonances, as well as the satellites, might be split by long range H-H coupling. In (SiH3)2 15 NMe, each resonance would be expected to appear as a doublet, although by analogy with aliphatic amines 12 J (HC 15 N) might well be of the order of 1 c/s or less.
In the spectrum of this compound, long-range H-H coupling is found even in the 14 N species; under exceptionally good field conditions the SiH resonance oould be resolved into a quartet and the CH resonance into an heptet. The coupling also led to the appearance of 'wiggle-beats' in the ringing patterns of both resonances, though these were more marked for the CH than for the SiH peaks; they afforded an accurate way of measuring J. For the various solutions, extended wiggle-patterns could not be obtained because the resonances were too weak, but sets of at least 2 wiggle-beats were observed from the CH resonances for all the solutions except those in CH3GN and in pyridine. The disappearance of the wiggles in those two solvents may be due to a change in line-width or in J; it is unlikely to be the consequence of SiH3-exchange, because in each case /( 15 NSiH) was observed (see below). The wide 29 Si satellites would be expected to show similar but different couplings between the 29 SiH-protons, the 28 SiH-protons and the CH protons; the complex spectra were not resolved, and could not be measured with great accuracy. Moreover, the long-range H-C-N-29 Si satellites could not be distinguished with certainty from the weak outermost lines of the main (heptet) resonance of the CH3-group, though additional lines seem to be present in this part of the spectrum. However, in the spectrum of (Me3Si)2NMe, in which H-H coupling is too small to complicate the spectrum, HCN 29 Si coupling is detected 13 . In the spectrum of (HsSi) 2 15 NMe, /(HSi 15 N) was readily observed and measured, though the long-range H-H coupling reduced the accuracy of the measurements; however, 7(HH) and /( 15 NCH) were apparently comparable in magnitude, so that neither could be measured. Table 2 show that the n.m.r. parameters measured for this compound are also very insensitive to solvent or concentration. Both r(CH) and r(SiH) diange by about 0.06 ppm over the whole range of solvents studied; the range of /(HSi 15 N) is almost completely covered by the standard deviations. Once again, the highest value for /( 29 SiH) is found in pyridine. It may also be concluded that any intermolecular exchange of SiH3-groups must be relatively slow, and that there is no evidence of any specific interactions with any of the solvents investigated.
The values in
c. SiH 3 NMe 2
This compound is unlike the other two in that its melting point is some 100° higher, and it is far more reactive towards Lewis acids, to methyl iodide and to unsaturated systems. The high melting point 7 implies that intermolecular interactions are unusually strong; in keeping with this, the CH and SiH chemical shifts are much more sensitive to changes in solvent and concentration than in either of the other two amines studied. There seems, however, to be no systematic correlation between r(SiH) and T(CH) and the base-strength of the solvent. The directly-bound 29 SiH coupling constant does not appear to vary significantly with solvent.
The variations in the long-range coupling constants, however, are both complicated and unexpected. No sign of (H-H) coupling in the main resonances was detected in any of the systems studied; in a solution containing SiH3NMe2 and (SiH3) 2NMe, the resonances due to the latter showed marked wiggle-beats associated with the multiplet structure of the main resonances, whereas the peaks of the former amine, though a little broadened, gave ringing patterns with no sign of beats. We conclude that/(HSiNCH) is less than about 0.2 c/s, or that the multiplet lines are broad. We have also been unable to detect long range 29 SiNCH coupling in the spectrum of this amine; in the absence of resolved H-H coupling, the 29 SiNCH satellites would be expected to be observed unless /( 29 SiNCH) is less than about 4 c/s. In the spectra of Me3Sn-N compounds, long range coupling between Nnmethyl protons and magnetic isotopes of tin is observed, except in the case of Me3SnNMe2 ; for that compound, the absence of the long range satellites was put down to rapid exchange of Me3Sn-groups u . All the observations so far mentioned for SiH3NMe2 are also consistent with rapid intermolecular exchange of SiH3-groups; however, we observed 15 in 5% solution in TMS and in benzene. This means that at least under these conditions, rapid exchange cannot be occurring. Thus we must explain why HH and 29 SiNCH coupling is not observed. It is of course possible that rapid intermolecular exchange might average /(HH) to zero, while leaving /( 15 NSiH) unaffected, for /(HH) is likely to be an order of magnitude less than /(NSiH); but it would be a coincidence if the exchange-rate happened to fall in the narrow range that would comply with these conditions, nor would this explain why /( 29 _SiNCH) (which would be expected to be comparable in magnitude with /[ 15 NSiH]) was not observed. Another, and perhaps more plausible, explanation is that long range couplings are very sensitive to changes in molecular geometry and bond angles. If, for example, some time-averaging process, such as a molecular vibration, were to lead to a change in / ( 29 SiNCH), the time-averaged value of the coupling might well be too small in magnitude to allow the satellites to be observed. It would be dangerous, however, to rest too much significance upon the failure to observe close satellites that are not very easy to detect in moderately dilute solution. The most important conclusion is that exchange of SiH3-groups cannot be rapid in 5% solution in TMS at room temperature. Except possibly in benzene, the CH and SiH chemical shifts are not particularly sensitive to the nature of the solvent, while / ( 29 SiH) varies only by 2 c/s over the whole range of solvent and concentration studied. The changes in 15 NSiH couplings, however, are marked. Coupling between the SiHprotons and 15 N is not observed in CH3CN or in CC14 at temperatures down to -27° (CCI4) or -48° (CH3CN), the minimum temperatures that could be used with those solvents. On the other hand, / ( 15 NCH) was large enough to be measured in CH3CN at room temperature, though at the lower temperatures the splittings were not detected, possibly because of increased line broadening; in CC14 , the CH resonance was somewhat broadened, even at room temperature. In chloroform that had not been shaken with activated alumina, 15 NCH but not 15 NSiH coupling was observed at room temperature; on cooling the system to -58°, the 15 NCH coupling could no longer be detected, but the SiH resonance split into a slightly broadened doublet with / a little less than /( 15 NSiH) in TMS at room temperature. These observations are all very puzzling. If intermolecular exchange is responsible for the collapse of /( 15 NSiH), the most plausible explanation is that the exchange is catalysed by the presence of traces of impurity which "we managed to remove from TMS and (partly) from CHC13 but not from the other solvents; impurities, as yet unidentified, are known to catalyse exchange of halogen between GeH3X and HY at room temperature 15 . On the other hand, there is no reason why the same impurities should not have been present in the solutions of the other two silylamines, yet rapid exchange was not observed for those compounds. It would be necessary to postulate that exchange was only catalysed to the extent that it became rapid by the n.m.r. time-scale for SiH3NMe2. Since, however, it is necessary to account for the collapse of /(HH) and (probably) of /( 29 SiNCH) in systems where exchange cannot be rapid (i. e., in TMS at room temperature) it seems dangerous to postulate rapid exchange whenever a long-range coupling that would be expected is not observed. Again, it may be that changes in bond angle with time could lead to a time-averaged zero value for /. It is interesting to note, too, that the only systems in which /( 15 NCH) has been detected are those in which /( 15 NSiH) has collapsed.
Bis (trimethylsilyl) amine
In the 96%-labelled 15 N-compound, the Me3Si-resonance is split into a doublet with / ~ 1 c/s and not markedly dependent on solvent. The position of the NH proton resonance has not been previously reported, but we find two sharp lines that give r(NH) as 9.98 ppm for the pure liquid, and indicate clearly that NH-exchange is not rapid in the pure liquid or in several solvents at room temperature (see Table 4 ). In basic solvents, on the other hand, the resonances we assign to the 15 NH-protons have disappeared; we conclude that there probably is rapid exchange for [Me3Si]2 15 NH in CH3CN, C5H5N, Me20 or THF at the concentrations we studied, the time-averaged 15 N-resonance lying under the peak due to the methyl protons. We are grateful to the D.S.I.R. for a grant to J.C.T., the S.R.C. for a grant to D.W.H.R. and the Carl-Duisberg-Stiftung for financial support to G.R.
